Abstract. Anomalous plasma signatures were detected by the Galileo particles and fields instruments during the initial transit through the Io torus. These unusual events are characterized by abrupt changes in the magnetic field, enhanced levels of broadband low frequency electromagnetic waves and a pronounced change in both the flux and pitch angle anisotropy of energetic particles. Here we present a coordinated study of one of the events which occurred near 6.03Rj just after 17:34 UT on December 7, 1995. The available data are consistent with the concept of rapid inward transport, and this is interpreted as the first evidence for the predicted interchange motions in the region exterior to the orbit of I o. Theoretical arguments indicate that the interchanging flux tube is characterized by substantially reduced plasma density, a spatial scale comparable to 10 3 km, and an inward radial velocity comparable to 102 km/s.
Introduction
Rapid mass loading of plasma by ionization of neutral material emanating from Io can lead to the onset of unstable interchange motions (Hill et at., 1981; Siscoe et at., 1981). In the corotating frame, overdense flux tubes should be carried outwards, and these are replaced by the inward motion of depleted flux tubes. The decrease in centrifugal potential energy associated with the net outward transport of mass provides the energy source to drive the instability. However, due to the outward directed gradient in the pressure of energetic plasma (Armstrong et al., 1981) , a portion of the potential energy released by the interchange motion must be used to adiabatically heat the energetic plasma during the net inward transport. Any residual energy is available to drive the interchange instability (Southwood and Kivetson, 1987 ) and overcome frictional dissipation at the foot of the flux tubes in the Jovian atmosphere. Enhanced pressure gradients in the energetic plasma can effectively quench or reduce rapid interchange motions in the outer toms (Summers et at., 1988) . This leads to a ramp in the distribution of thermal plasma at a location colocated with the strong gradients in the phase space density of energetic plasma (Siscoe et at., 1981 The most unstable interchange motions should be confined to the inner portions of the tOMS (6<L<8) where the modulating effects of energetic plasma pressure are not severe. There should also be a density differential between the inward and outward moving flux tubes. Richardson and McNutt (1987) established an upper limit of 10% for any density irregularities in the torus, based on the Voyager Plasma Science data. During the inbound passage of Galileo through the Io torus, anomalous regions were identified which are characterized by abrupt changes in magnetic field strength, strong enhancements in the intensity of low frequency plasma waves, and abrupt changes in the phase space density of energetic particles. Here we present a coordinated study of plasma changes during one event that occurred just after 17:34 UT on plasma! Such a large density differential would make the flux tube extremely buoyant leading to rapid inward transport. Changes in the count rate of energetic ions and electrons during the event are illustrated in the center panels of Figure 1. These selected particle channels span a broad energy range from 15 keV to 10 MeV. The energy for each channel, estimates of the typical bounce time, Larmor radius, and gradient drift speed associated with the Jovian magnetic field at 6.03 Rj are listed in Table 1 . All particles exhibit a characteristic loss cone distribution with modest depletion along the direction of the ambient magnetic field both before and after the event. During the event, most channels show a pronounced flux enhancement. This increase is most dramatic for the highest energy ions in a direction close to perpendicular to the field. Low energy ions and electrons also exhibit significant flux enhancements and residual effects persist for a brief period following the period of magnetic field enhancement. Notably, higher energy electrons (E > 300 keV) show little change. Several important issues need to be resolved in future studies. These include the origin of depleted flux tubes in the outer toms, the role played by the energetic particle population in the pressure balance across the boundaries between inward and outward moving flux tubes, the complex trajectories of energetic particles (especially those with large PL) though the interchanging flux tubes, the importance of this inward transport process as a source of energetic particles in the inner Jovian magnetosphere, and the mechanism for excitation of enhanced low frequency waves.
